Abstract Primate frontopolar cortex (FPC), occupied by area 10, sits atop a functional hierarchy of prefrontal cortical regions yet little is known about its causal role influencing cognition and brain networks.
Introduction
Frontopolar cortex (FPC) is occupied by area 10, a cytoarchitectonic area exclusive to the human and non-human primate brain. Studies using non-invasive neuroimaging methods have previously linked human FPC activities with a bewilderingly diverse range of higher-order cognitive functions, to the extent that it has proved impossible to reach consensus from neuroimaging studies on a fundamental role of FPC. In human neuroimaging studies, for example, FPC has been found to be associated with maintaining and integrating subgoals to fulfil the final behaviour outcomes [1] [2] [3] [4] , explorative behaviour 5, 6 , cognitive branching 7 , multi-tasking 8 , future planning 9 , prospective memory [10] [11] [12] and memory awareness 13, 14 amongst many others. Clearly, whatever contributions to cognition are supported by FPC, they involve interactions with other posterior brain regions.
Whilst all these cognitive operations must require inter-area coordination, some human studies have explicitly revealed some FPC interactions. For example, Sakai and Passingham (2006) demonstrated that FPC interacts differently with different posterior cortical regions depending on the intended cognitive operation held in working memory 15 . In a similar vein, in hypothesizing that FPC encodes the evidence in favour of switching to alternative courses of action, Boorman et al. (2009) found that FPC entered into a distinct pattern of functional connectivity with the parietal cortex immediately before a behavioural switch occurred, leading to the proposal that FPC engages the parietal cortex to implement the switch 6 .
Whether such observations of interactions reflect causal influences on posterior regions cannot be determined from correlational neuroimaging studies as to reveal causality one needs to study interventions. However, naturally occurring selective FPC lesions interventions are extremely rare.
Human neuropsychology has traditionally proceeded by considering many patients with varied and overlapping lesions and assigning patients to groups if their lesions encroach significantly on target areas such as FPC irrespective of selectivity. That FPC may have a role in optimizing attentional allocation and controlling or switching attention between alternatives (including in one theory between externally available stimuli and self-generated thoughts) especially in the context of novel,
ambiguous, and open-ended situations, or during multi-tasking and cognitive branching, are some of the key insights to have arisen from human neuropsychological investigations of PFC [16] [17] [18] [19] . It is hard to draw firm conclusions for patients with such extensive lesions. One way to address this is take large numbers of patients with non-selective brain lesions and apply voxel-based lesion analyses to see which lesioned voxels are most commonly associated with their behavioural deficits.
Using this approach Volle et al. (2011) showed that lesioned voxels in FPC were associated with time-based prospective memory (a task which may be interpreted as one that requires monitoring of the relative value of performing one of two tasks at any given time) 20 . There exist only extremely rare case studies of individual patients with lesions restricted to within FPC; indeed, we know of only one 21 and that adds little significant insight to the issue (other than reported marked indecisiveness and lack of normal response inhibition) as perhaps the most relevant behavioural tests were not administered. Therefore, we turn to animal models (in non-human primates (NHP) as rodents do not have area 10 of FPC) wherein both highly circumscribed lesions and electrophysiology may be targeted specifically to NHP FPC. Only two published studies have targeted neuronal recordings of FPC and these indicate that while FPC makes little contribution to on-going decision making it appears to be engaged in evaluating decision outcomes prior to feedback 22, 23 , contrary to other prefrontal regions involved in goal-directed behaviour 23 . Until very recently there were no circumscribed FPC lesion studies in NHPs but three recent studies now indicate that FPC lesions in macaques produce a pattern of spared, impaired, and enhanced behaviour which together may be interpreted as evidence that FPC mediates exploration and rapid learning about the relative value of alternatives of a broad kind [24] [25] [26] . Relatedly, one study administered reversible silencing of a sub-region of macaque PFC, rather than acute lesions of all of FPC as in the above studies, and found that FPC inactivation in this way impaired metacognitive evaluation of non-experienced events 27 . Moreover, a recent review on the function of FPC, taking into account the NHP and human literature, proposes a functional model of FPC in which FPC contributes to disengaging cognitive control from the current task and redistributing resources to other potential goals for 'exploration'; while the posterior parts of the prefrontal cortex are involved in staying on the focus on the current task to facilitate 'exploitation' 28 . Setting the optimum balance between 'explorative' and 'exploitative' tendencies, especially in dynamic volatile environments, is likely to be a key process common across many different cognitive tasks and this is likely to necessitate a close functional connections and interactions between FPC and multiple other prefrontal and posterior brain networks.
Anatomical connections between FPC and other brain regions are broadly similar across human and NHPs 29, 30 . However, compared to other prefrontal cortical areas, FPC has a unique pattern of reciprocal connections to other cortical areas in that while its connections to prefrontal cortex are extensive, its connections to posterior regions are not and appear to be exclusive to multimodal regions (i.e. prominent reciprocal projections: via external capsule to multimodal regions in superior temporal sulcus and superior temporal gyrus region, via uncinate fasciculus to select regions in the anterior and medial temporal lobe including perirhinal cortex, and via cingulate fasciculus to anterior and posterior cingulate and retrosplenial cortices 31 ) suggestive that FPC my sit atop a hierarchy of prefrontal regions in the primate brain. Accordingly, we hypothesize that FPC is causally involved in mediating far-reaching networks of brain regions within and beyond prefrontal cortex. This study investigates this using circumscribed FPC lesions and network cluster analyses of whole brain functional connectivity analyses. Resting state functional connectivity (rsfc) examines the correlations in spontaneous brain activities in absence of external stimuli or task demands and offers a tool for understanding the functional organization of whole brain networks. Seven adult macaque monkeys received bilateral lesions to the entire FPC; three of them had MRI scans 2 months post-lesion and four of them had scans 40 months post-lesion 24 . We first compared extra-FPC rsfc in 13 control animals (i.e. with intact FPC) with the same measures in the FPC lesioned animals scanned 2 months post-lesion to investigate how presence versus absence of FPC affects widespread brain networks (using cluster analyses to distinguish networks). We ran the same analyses with the 40 months post-FPC lesion group to investigate how robust the observed disturbances in FPC-mediated brain networks were across years.
Results
We collected resting state fMRI data and structural scans under anaesthesia from a total of 20 animals. These included 13 control animals with intact FPC, 3 FPC-lesioned animals scanned 2- To probe significant differences in functional connectivity between the two animal groups, a standard assumption-free nonparametric permutation test was applied to these rsfc data (see methods) 32 . In this test the difference in connection strength between the lesion and control group was compared to a surrogate distribution of the maximal/minimal difference observed after random re-labelling of the lesion and control groups (repeated 10,000 times). Testing in this way revealed 469 functional connections which were significantly different between control animals and the 2month post-FPC-lesioned animals (two-tailed permutation test, p < 0.05). Of the 469 functional connections deemed to have significantly changed, the majority were found to have enhanced functional connectivity following FPC lesion: 369 connections increased while 100 connections decreased in strength ( Fig. 2c ). These significant connections linked a subset of 86 cortical regionsof-interest (ROIs), distributed both within and beyond prefrontal cortex (see Table 1 for full list and MRI coordinates of selected ROIs). To further explore changes in connectivity following lesion of FPC we therefore considered only connections between these 86 ROIs ( Fig. 2d and 2e functional connectivity matrices).
Multidimensional scaling reveals a striking lesion effect of FPC
To aid in the visualization of the significant changes in functional connectivity between control animals and 2-month post-FPC-lesioned animals, we applied a multidimensional scaling (MDS) analysis was applied to the pairwise correlations between these 86 identified ROIs in both groups.
In this analysis we projected all connections into a 2-dimensional space, where ROIs with similar overall patterns of functional connectivity across the overall matrix are plotted with greater proximity to one-another ( Fig. 3 a-b ). We then used K-means clustering (with the variance to be explained fixed at 80%) to define clusters within the 2-dimensional space for both the control and the 2-month post FPC-lesioned animals' scaled data ( Fig. 3 a-c).
In control animals this projection revealed the existence of four clusters ( Fig. 3a) whereas only two distinct clusters were evident in the projection of 2-month post-FPC lesion animals ( Fig. 3b ).
Moreover, visualization of the 2-dimensional space of all ROIs in the FPC-lesioned animals revealed a large spatial separation between the two clusters ( Fig. 3b ). In addition, these clusters showed physical separation in the brain when the anatomical locations of the regions were considered. Specifically, there was a distinct anterior versus posterior clustering of brain regions 
Differences in cluster-based analyses between 2-month versus 40-month post-FPC lesion groups
To explore how robust are our observed FPC-lesion mediated changes in rsfc clusters (mindful of the possibility of recovery/plasticity in the brain after some brain insults), we compared these results to corresponding rsfc and MDS projections from the 40-month post-FPC-lesion group.
We observed three clusters in the 40-month post-PFC lesion group (Fig. 3c ). The spatial (i.e. To better illustrate the similarities and differences in cluster organization between the three groups of different animals (control, 2-month post FPC lesion, 40-month post FPC lesion), we made a 3D plot to link the three 2-dimensional projections for the 86 ROIs across groups ( Fig. 4 ). Fig. 4 shows that the four clusters observed in control animals appear to collapse into two distinct clusters (shown in blue and yellow) in 2-month post FPC-lesion animals, with dramatic changes in the position of individual ROIs. The three clusters, observed in the 40-month post-FPC-lesion group, appeared more integrated than for the two clusters in the 2-month post-FPC-lesion group. However, there were limited changes in the position of individual ROIs between these two group, particularly when compared with the more robust differences observed between controls and 2-month post-FPC-lesion group. This provides evidence that the 40-month period, a relatively long time in terms of brain plasticity and recovery of function, did not result in anything more apparent than a relatively small and partial recovery of network structure.
Predictors of changed rsfc patterns across the brain in absence of FPC
We next sought to enquire whether the specific patterns of observed changes of rsfc induced by FPC lesions might be predicted by brain organization observed in the control animals with intact FPC.
Our first hypothesis is that the magnitude of rsfc between FPC and other ROIs in control animals predicts (i.e., with a positive correlation) the extent of repositioning of ROIs in the 2D projection (and therefore changes in the pattern of connectivity between ROIs) in the FPC lesioned animals. To test this hypothesis, for each of the 86 ROI's, we computed the Euclidean distance (in 2D space) between the position occupied by that region in control animals and the position occupied by that region in 2-month post-FPC-lesioned animals. Correlation of the Euclidean distance between these two groups, with the absolute connection strength between each ROI and FPC in control animals revealed a significant positive correlation (Pearson's r = 0.233, p = 0.031, Fig. 5a ). This suggests that the stronger rsfc of one brain region to FPC in control animals, the greater the separation between that regions position in 2-dimensional space in control animals and FPC-lesioned animals. In other words, FPC-induced lesion effects on functional connectivity can predict how brain networks may adapt in the absence of FPC.
Our second hypothesis is that in the absence of FPC, connectivity between ROIs can be predicted according to the relationship between ROIs in control animals. In this scenario the separation between an ROIs position in 2D space in control and FPC lesioned animals would be dependent on its relative location within the four clusters observed in control animals, with ROIs more loosely or peripherally related to the relevant cluster demonstrating the greatest change in position (and therefore connectivity) after FPC lesions. Therefore, we investigated whether centrality versus peripherality of a ROI within the four clusters observed in control animals might predict the change in rsfc between a ROI and other areas after FPC lesions. To calculate the relative location of each ROI in the 2-dimensional scale in control animals, we defined an index, called the within/between ratio. This ratio was calculated as the average of distances (in the 2-dimensionally scaled data) between each ROI and other ROIs within their local cluster divided by average of distances between the ROI and other ROIs in other clusters; hence the within/between ratio was larger for ROIs situated towards the margins of its own cluster and smaller if the ROIs were located more centrally in its own cluster. We did this for each of the 86 ROIs in control animals compared to the same ROIs in the 2-month post-FPC lesioned animals. Correlation of the within/between ratio with the Euclidean distance between the control and 2-month post-FPC lesioned animals was not significant (Pearson's r = 0.025, p = 0.822, Fig. 5B ), therefore our second hypothesis was not supported.
We also tested these two hypotheses in the 40-month post-FPC-lesioned animals, as compared to controls, and found that neither of the correlations was significant (strength of rsfc to FPC:
Pearson's r = 0.134, p = 0.220; within/between ratio: Pearson's r = 0.156, p = 0.152, Fig. 5c and   5d ). This suggests that the network state that exists in the 40-month post-FPC lesion animals and that likely includes any plasticity-mediated recovery of function occurring over a few years is no longer predictable from the aforementioned parameters of the control animals network state. This further suggests that even after several years, plasticity such that it exists is insufficient to return the network to a nearly normal state. Hence the effects of FPC lesions on extended brain networks may be robust for several years (and although our data cannot speak to longer periods than 40 months, 40 months appears to be a long time in terms of brain plasticity and recovery of function, especially in light of our own previous studies of functional recovery after frontal lesions in macaques 33 , so it is not unreasonable to predict that FPC-lesion mediated changes to brain network structure may indeed extend to decades or even to the lifetime).
Discussion
Circumscribed bilateral lesions to the macaque FPC produced a distinctive change in rsfc across multiple brain networks extending both within and beyond prefrontal cortex. Analyses of the patterns of changes suggest FPC lesions reduce the number of distinct networks as compared to the intact animal. In control animals our cluster-based analyses of rsfc revealed the following four networks: (i) a primary auditory cortex, somatosensory, occipital, superior and middle temporal cortical network (cluster 1); (ii) a gustatory cortex, piriform cortex, ventral premotor cortex, insular, occipital, posterior parietal and middle temporal cortical network (cluster 2); (iii) a ventral prefrontal, premotor, motor, somatosensory, occipital, anterior areas of posterior parietal and perirhinal cortical network (cluster 3); and (iv) a posterior prefrontal, somatosensory, superior temporal sulcal, cingulate, and retrosplenial cortical network (cluster 4). Notably each of these clusters extended over multiple cortical lobes. This indicates that animals with an intact FPC can maintain several distinct and complex cortical networks. By contrast, in the absence of FPC, the ROIs collapsed into two brain networks: a frontal-temporal-anterior parietal network and a cingulate-occipital-posterior parietal network, with each demonstrating disparate resting state connectivity patterns according to our cluster analyses. The frontal-temporal-anterior parietal network occupied more anterior parts of the brain, which included prefrontal cortex, premotor and motor cortex 34, 35 , gustatory cortex, piriform cortex, somatosensory cortex, insular regions, anterior regions in parietal cortex, anterior regions in temporal cortex and perirhinal cortex. This brain network is typically associated with executive control 36 , somatosensory and olfactory perception 37, 38 , motion and body movement 39 and mnemonic processing 40, 41 . The cingulate-occipital-posterior parietal network occupied more posterior parts of the brain, which included posterior cingulate cortex, retrosplenial cortex, posterior parietal cortex, occipital cortex, medial superior temporal areas and middle temporal areas. The regions involved in these networks are typically associated with emotional 42 , visual 43, 44 , and spatial processing 45 .
The relationship between functional connectivity and anatomical connectivity is not precise (directly connected areas need not oscillate in synchrony, and it is not necessarily the case that areas without direct anatomical connections cannot exhibit synchrony as posterior areas without direct connections to FPC may be strongly connected to other posterior areas and 'recruited' into a FPC-mediated networks indirectly). Nonetheless, anatomical tracing studies (see below) and functional connectivity studies in macaques 46, 47 do indicate that many brain regions are in fact both anatomically and functionally connected to FPC. Petrides and Pandya (2007) , Markov et al. (2014) used anatomical tracing to identify cortical and subcortical efferent and afferent connections to and from FPC in macaques 31, 48 . Despite the different techniques and different species used, a broadly similar range of connections were found in these tracing studies. FPC has dense interconnections with other prefrontal areas (e.g. area 8Ad, 9, 11, 12, 13, As reviewed in the introduction, the three studies that have investigated macaques with bilateral and circumscribed lesions to FPC have demonstrated that FPC is necessary for considering the relative values of (unchosen) alternatives of a broad kind. This can lead to deficits in some contexts (e.g., specific impairments in the one-trial learning phase of both concurrent objects-inscenes learning and successive single problem learning wherein animals chose between novel alternative stimuli; and impairments in learning to choose between novel alternative abstract rules 24 ) yet can also lead to enhancements in other contexts (e.g., macaques with FPC lesions showed enhancements in a Wisconsin Card Sort Test analog involving conflict between two well learnt rules in terms of being less distractible than control animals by to intentional distraction between trials and hence better ongoing performance on the focused-upon task 25 ). Together these studies showed that FPC is necessary for disengaging executive control from the current task/goal/stimuli and redistributing it to explore any other potential tasks/goals/stimuli 25, 28 . It is understandable then that the kinds of behavioural changes induced by FPC lesions are both broad in scope, yet also specific to certain kinds of situations such as those where exploration versus exploitation of chosen versus unchosen alternatives is required. Accordingly, the effects of FPC lesions cannot be simply understood as a loss of function of the specific area removed; to understand FPC function one has to consider how FPC causally interacts with a broad range of posterior areas.
The current study contributed to this goal by demonstrating how brains with an intact and functioning FPC influence network cohesion are able to maintain more posterior networks compared to brains without a functioning FPC. We propose that FPC may be considered a mediator of modularity. We show that in addition to changes in behaviour following FPC lesions [24] [25] [26] , we also observe changes to rsfc. But we do not know if the robust changes in rsfc patterns themselves had any influence upon (long-term) behaviour, or whether changed behaviour influenced long-term rsfc (or both).
Speaking to the latter possibility in broad terms it has been shown that such effective connectivity can at least predict cognitive flexibility in humans 49 . Speaking to the former, resting state networks have themselves been linked to memory consolidation processes that may also be active in the resting state 50 and indeed, patients exhibiting episodic memory loss who had lesions to more polar than dorsolateral prefrontal areas have been observed to have greater deficits in remembering than knowing 51 . Given we have shown a clear causal influence of FPC lesions on posterior network organization, the next set of studies should investigate the influences of FPC on posterior network organization during behaviour itself by conducting rsfc in the awake state. Causal influences of dynamic network states on behaviour may be determined by selective intervention in the dynamic network states (e.g. via microstimulation to drive or disrupt oscillations in target areas) in the presence and absence of FPC.
As the control and FPC-lesioned animals scanned after 2 months versus after 40 months postlesion demonstrated distinct patterns of brain network organizations, we investigated what, if any, factors inherent to network organization on controls might influence network organization in FPClesioned animals. Our supported hypothesis, that brain regions with the greatest change in their connectivity pattern following an FPC lesion (measured as change in position in 2-D space) were those that exhibited stronger effective connectivity to FPC in control animals. This was true for 2month post-FPC lesion but no longer true in the 40-month post-PFC lesioned animals. These findings imply that FPC is important not only in influencing select key areas that it robustly interacts with but is also important for shaping wider posterior brain networks involving those key areas. After 40 months without the influence of FPC the brain's network organization has evolved, this is unsurprising, but the fact that the post-lesion network structure has not returned to normality after a few years only indicates how FPC plays a critical long-standing role in brain functional organization in primates.
Animals with an intact FPC can maintain more distinct sets of brain networks than animals without FPC. Moreover, the functional connections of regions robustly interacting with FPC are predictive of the changed network structure within and beyond prefrontal cortex in absence of FPC.
The predictive changes last at least 2 months and even after 40 months the network structure has not returned to normality. Future work should investigate how these FPC-related brain networks in awake behaving animals influence essential cognitive processes, such as learning, memory and decision making by combining neuroimaging and electrophysiology with reversible targeted interventions during behaviour.
Materials and Methods

Animals
Resting state fMRI and structural scans were collected under anaesthesia from seven macaque monkeys (Macaca mulatta) after bilateral lesions of FPC (area 10) ( Fig. 1) . Monkeys were scanned 
Histology
At the conclusion of the experiments, the FPC-lesioned animals were deeply anesthetized and then perfused through the heart with saline, followed by formol-saline solution. Their brains were blocked in the stereotaxic plane, removed from the skull, put in sucrose-formalin solution until the block sank, and subsequently cut in 50-μm horiz m horizontal sections on a freezing micro-tome. Every fifth or tenth section was retained and stained with cresyl violet. The histological slides so prepared and mounted were subsequently scanned at high resolution from which drawings of the actual extent of the lesion were prepared alongside matched drawings of the intended extent (Fig. 1) . Such drawings of four of the FPC lesioned animals (those in the 40-month post-FPC lesion group) have already been presented previously 24 and are represented again here, now with accompanying drawings of the additional three FPC lesioned animals (those in the 2-month post-FPC lesion group).
Anaesthesia and MRI data acquisition
The fMRI data in the two animal groups were collected under sevoflurane anaesthesia. Anaesthesia was induced with intramuscular injection of ketamine (10 mg/kg), xylazine (0.125 -0.25 mg/kg) and midazolam (0.1 mg/kg) two hours prior to the start of scanning, which allowed ketamine to leave in the monkey's bodies before data acquisition. After induction, anaesthesia was maintained using sevoflurane. Commonly used volatile anesthetics including sevoflurane have been shown to modulate functional connectivity in the brain in a dose dependent manner 52 . Therefore, to preserve connectivity and minimize variation in the data EPI data was collected during light anaesthesia, with a targeted sevoflurane concentration of 2.3% across the entire project. There was no significant difference between the sevoflurane concentrations while data was collected for control animals (mean = 2.0%), FPC-lesioned animals with 2-month scanning interval (mean = 2.4%), and FPClesioned animals with 40-month scanning interval (mean = 2.4%, F (2,17) = 1.225, p > 0.05, η 2 = .126). Physiological parameters (e.g. heart rate and blood pressure) were used to assess the depth of anaesthesia throughout the scanning sessions (For further details of anesthesia maintenance and monitoring see Mars et al., 2011 & Mitchell et al., 2016 53, 54 . fMRI scans were conducted using a horizontal 3T scanner using a custom-made 4-channel phased array coil (H. Kolster, MRI Coil Laboratory, Laboratory voor Neuron Psychofysiologie, KU Leuven). High-resolution structural scans (0.5 mm isotropic voxels) were acquired using a T1weighted high-resolution magnetization-prepared rapid-acquisition gradient echo (MPRAGE) sequence (128 slices, TR=2500ms; TE=4.01ms). Whole-brain resting-state EPI fMRI data were collected at a 2x2x2mm resolution (36 axial slices, TR=2000 s, TE=19 ms), with an approximate duration of 54 minutes for each animal (1600 volumes).
MRI data pre-processing and calculation of functional connectivity
All fMRI data pre-processing and analysis was conducted using a combination of MATLAB (The Gaussian kernel (full-width half maximum). Grey-matter masks were defined on a monkey by monkey basis as voxels with grey-matter probability > 0.5 within each animal.
Physiological noise covariates were calculated by extracting up to 6 principal components (sufficient to explain 99% of the variance) from the BOLD time-series for white-matter and CSF tissue masks 59 . An additional vascular covariate was defined as the mean time-course within a mask encompassing the superior sagittal sinus. A motion covariate was calculated from the EPI data (prior to smoothing and registration) and was defined as the time-course of the average displacement over the expected brain volume. These confound time-series and their first derivatives were then regressed from each grey-matter time-series, and the mean time-series was calculated for each cortical region within the derived from the CC atlas (the LV-FOA-PHT composite atlas) for macaques 55 . Finally, functional connectivity was estimated by calculating pairwise correlation coefficients (Pearson's r) for each pair of CC areas (260 areas, 130 in each hemisphere) and transformed using Fisher's r-to-z transform. For further details of the pre-processing of structural images & resting state data see Ainsworth et al., 2018 & Mitchell et al., 2016 33, 54 .
Nonparametric connectivity analysis
To calculate significant changes in functional connectivity between control and 2-month post-FPClesioned animals, we tested the mean difference between the two groups using a standard assumption-free nonparametric permutation-based approach 60 . The test involved a comparison of the observed difference against a reference distribution of differences, under the null hypothesis of no significant change in the functional connectivity between the two animal groups. For each connection, the reference distribution was obtained by performing 10,000 permutations on the animal labels to randomly assign them to two groups. On each loop of the permutation the mean functional connectivity between these randomly assigned groups was calculated and only the minimal and maximal difference was stored. This resulted in both a minimal and maximal matrix (each 260 by 260). The upper and lower thresholds were defined as the 97.5th percentile of the maximal matrix and the 2.5th percentile of the minimal matrix, respectively. Any observed mean difference between the two animal groups greater than the upper threshold or smaller than the lower threshold was deemed significant at the 0.05 level (p < 0.05, two-tailed). By selecting the maximal/ minimal value from the permutation distribution, this two-sided nonparametric permutation-based test was sensitive to both positive and negative changes in connectivity and therefore controlled for global type I errors associated with multiple comparisons. 
Multi-dimensional scaling analysis
Figure 5. Remodelling of ROI connectivity after lesion of frontopolar cortex is predicted by ROI to FPC connectivity in control animals. Scatter plots showing the relationship between the strength of an ROIs connection to FPC in control animals and the difference between an ROIs position in 2-D space (calculated as Euclidean distance) in control animals vs. in 2-month post-
FPC-lesion animals (a) and the relationship between the within/between ratio of an ROI in control animals with the Euclidean distance between control animals vs. in 2-month post-FPC-lesion animals (b). The same relationships, FPC connection strength vs. Euclidean distance (c) and within/between ratio vs. Euclidean distance (d) are shown for ROIs between control animals and 40-month post-FPC-lesion animals. An ROIs within/between ratio is defined as the average distance to within cluster ROIs divided by average of distance to ROIs in other clusters).
Correlation coefficient (Pearson's r) and the significance of the correlation shown for each test.
